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WE propose to review, rather briefly, some recent experimental data bearing on the control of aldosterone secretion. The first question is whether aldosterone is to any great extent under the control of ACTH, or indeed of any pituitary hormone. There is now much evidence to suggest that it is not.
First, there are the studies in hypophysectomized animals and in patients with hypopituitarism. Singer and Stack-Dunne (1955) found a much greater reduction of corticosterone than of aldosterone secretion in hypophysectomized, as compared with intact, rats, measured by the hormone output in adrenal venous blood, corticosterone being the predominant glucocorticoid in this species. Farrell and his group (1955) have reported similar findings in the hypophysectomized dog, cortisol secretion falling much more than that of aldosterone. In man, Luetscher and Axelrad (1954) have reported normal aldosterone excretion in 2 patients with severe hypopituitarism.
What effect does ACTH have on aldosterone production? When we were measuring steroids in the blood we found, two and a half hours after an injection of 25 units of ACTH, that there had been a five-fold rise in plasma cortisol, but no effect on the plasma aldosterone (Simpson and Tait, 1955) . Axelrad et al. (1954) showed that large doses of ACTH gel did not increase the urinary aldosterone excretion and that the high outputs of this hormone usually found in the aedematous phase of the nephrotic syndrome fell to normal or subnormal levels when diuresis was induced by ACTH (Luetscher and Curtis, 1955a) . We have confirmed these findings in a patient of Dr. T. M. Chalmers.
Another approach to the problem has been to suppress endogenous corticotrophin by giving large amounts of cortisone, and then to measure the aldosterone secretion. Farrell and his group (1956a) have done this in the dog, and the results were very striking. After five weeks on 100 mg. of cortisone a day the secretion of cortisol and of cortisone, as measured in the adrenal venous blood, fell almost to negligible levels compared with control values, whereas aldosterone secretion was unaffected.
In man, under conditions of sodium depletion, Liddle et al. (1955) were unable to suppress aldosterone excretion by giving large amounts of cortisone ; and, conversely, Prunty and his co-workers (1954) did not suppress the 17-ketosteroid excretion in a patient with adrenogenital syndrome by giving large amounts of aldosterone. To summarize the results of these experiments, it seems to have been fairly well established that aldosterone is largely independent of pituitary control, at least in the rat, dog, and in man. What, then, are the experimental conditions which will influence its rate of secretion? Firstly, there are a number of stimuli which seem to increase aldosterone secretion, and the first of these is salt depletion. Luetscher and Curtis (1955b) have shown that as the urinary sodium output falls, due to sodium deprivation, the aldosterone excretion rises to about five times normal. Liddle and Bartter have confirmed this finding and have stressed the fall in body-weight which accompanies the sodium depletion, due to loss of water.
Next, there is the effect of sweating, which causes a relatively greater loss of water than of sodium. Mach and his group (Falbriard et al., 1955) at Geneva sweated a normal subject to the extent of his losing 1 kg. body-weight. There was a rapid rise in aldosterone excretion, coincident with diminished urinary sodium excretion, but no change in the plasma electrolyte concentrations. These investigators also showed that potassium loading, which causes a loss of sodium and water, is followed by a significant rise in the urinary aldosterone. Liddle et al. (1955) have confirmed this finding and'have pointed out that the aldosterone excretion only rises when potassium loading causes a loss of sodium.
Mach also gave acetazolamide to normal subjects which caused a diuresis in which relatively more sodium than potassium was lost. The body-weight fell by nearly 1 kg.
Again, there was a marked rise in aldosterone excretion. Whereas, in the one set of ex.periments these authors had given potassium, in the other they were depleting the body of potassium. The common factor was loss of sodium and water, in other words of body fluid. Lastly, Farrell et al. (1956b) have shown that hamorrhage in the dog increases aldosterone secretion acutely, as measured in the adrenal venous blood. Their latest experiments suggest that this rise in aldosterone secretion can be prevented if dextran is infused' to replace the lost blood.
The common factor in all of the above experiments was a depletion of body fluid, whether caused by sodium deprivation, sweating, diuresis, potassium loading or hlumorrhage. The rise in aldosterone production did not appear to depend on changes in plasma sodium or potassium concentrations.
What are the conditions under which the production of aldosterone can be depressed? First, there is sodium loading. In an experiment which we made in co-operation with Dr. Geoffrey Walker we gave 20 grams of salt for two days to a normal subject. This was followed by a rise in the urinary sodium output and in body-weight, during which period the aldosterone excretion fell to nearly one-third of the control level. There were no changes in plasma sodium, potassium or protein concentrations, or in the urinary cortisol excretion.
Forty-eight hours after discontinuing the extra salt, the body-weight and urinary sodium and aldosterone excretions had returned to the control levels (Garrod et al., 1956b) .
The second condition which appears to inhibit aldosterone secretion is severe potassium depletion. Thirdly, when excessive water retention is induced by giving pitressin'tannate in oil and a high water intake, there is no rise in aldosterone excretion, although the plasma sodium concentration falls to very low levels (Beck et al., 1955) . Indeed, Liddle and his colleagues have reported that the aldosterone output falls concurrently with the increased sodium output at the height of water intoxication. This would seem to agree with Leaf's interpretation that the sodium diuresis of induced water intoxication may represent an adrenal response to excessive expansion of the body fluids (Leaf et al., 19'53) .
It thus seems that aldosterone secretion is subservient mainly to the requirements of body fluid volume control. Lastly, we have studied the diurnal variations of steroid excretion in normal subjects on four-hourly feeds ofconstant composition, in co-operation with Dr. J. D. N. Nabarro (Garrod et al., 1956a) . Whereas the cortisol excretion was very high during the first part of the day and very low at night, there were no significant variations in aldosterone excretion,-despite large changes in the sodium and potassium outputs. These results provide further evidence of the independence of aldosterone from cortisol secretion, and indicate that there are other factors besides changes in aldosterone secretion, which will influence the rate of sodium excretion.
